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r,Q]\^POSITESTAT0R 

This invention relatas to stators as commonly used m large scale electrical 
machines. More particularly, the invention provides an apparatus and method which 
provides iioproved eiMcieiicy of operation of such machines. 

Large decttical machines such as alternators (generators) and motors comprise 
magnetic flux canying cores, typically of electrical steels. Rotating machities use 
laminations which, in large machines, may be made up of segments cut so as to 
incorporate teeth which are enclosed by windings and so-called back iron which 
conducts magnetic flux between the stator teeth. Such an airangesnent is illustrated in 
Figure 1. 

Because of the bi-directionality of flux movement it is usual to manufacture 
stator segments from non-oriented electrical steel, since if grain oriented steel is 
chosen, the fhix must pass into a magnetically less favourable direction of the grain 
oriented steel for part of its journey. 

The properties of non-oriented steel are less fevourable than those for the 
magnetically most fevourable or "best direction" within a grain oriented electrical 
steel. In order to exploit this much enhanced 'best direction', the less favourable 
direction in grain oriented steel (which has generally worse magnetic properties than 
a non-oriented steel) may be tolerated for part of the segment. Necessarily, such an 
arrangement is a severe coroqiromise as the magnetic permeability andpower loss varies 
hugely between the 'best' and 'orthogonal (or worst)' directions of grain oriented steel. 

The present invention aims to provide a stator which suffers less loss and as 
such is more dffident in operation. 

In accordance with a first aspect the present invention provides a segment far 
a stator conq>rising a back hron portion and one or more teefh characterised in liiat tiie 
teetti are cut separately from the back iron portion and are joined with the back iron 
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portion and the teeth and back iron have different orientation with regard fevoured 
magnetic direction with respect to each other. 

Normally the favoured magnetic direction for any gain oriented electrical grade 
steel will be the direction in which the steel was rolled during manufacture, this is 
sometimes also referred to as the "longftudraal" direction of the steel or the article 
(such as a tooth or back iron portion) made from the steel. In grain oriented steel, this 
direction wiU be far more dominant than that seen for a non-oriented steel. However, 
for non-oriiraitBd steel there may be some anisotropy fliat wUl give more favourable 
magnetic properties in the longitudinal direction, 

It is to be raiderstood that whilst refbrence is made to a segment for a stater m 
the description of the nrvention, a "segment" could in fact comprise a complete ring 
of back iron (or a "back iron porticD" ) cut firom a single sheet. Desirably, hi such an 
embodunent of the htmition, the back iron would be cut from a sheet of non-oriented 
material. 

The favention anns to utilise optimum materials ( from a technical or an 
economic point of view) in both teeth and back iron. Desirably, best direction magnetic 
properties for both the teeth and back iron of stator is achieved, however this can 
inflate production costs to a level which is undesirable for some applications. In an 
alternative and more cost effective option, a combination of a good non-orienfed steel 
in the teeth and a lower cost/quality non-oriented steel in the back hx)n may be used. 
It is to be noted, of course, that fliere may be drcamstanoes where it is desiiablp to 
have a relatively higher grade material in the back iron with respect to the teeth, such 
arrangements are also possible in accordance with the invention, hi another alternative, 
mixed grades of materials may be utilised, for example grMn oriented material fox the 
teeth and nan-oriemed grades of steel for the back iron portion. It is to be appreciated 
that, since the invention utilises materials and magnetic orientations which optimise the 
flow of flux for aparticular application of the stator, the invention permits a reduction 
in the total quantities of material used and thereby reduces waste material. Typically, 
by utiliztag the mveotirau a considerable reduction hi the size of flie back u:on needed 
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can fee achieved, ftis has not only waste saving advantages but also space saving 
advantages, allowing more flexibUity in fiictoty floor layoute where these machines are 
incorporated. 

By suitable choice of cutting methods, both teeth and back iron portions can be 
provided from grain oriented strip m ways tibat minimise waste of material. 
FurGierraQre, and desirably, mixed grades of materials are joined to allow the 
convenient transference of flux, for example by laser welding, press fit joining or 
bonding by oflier well known techniques, of either individual segments, or laminated 
stacte of segments, by use of various shaped joints. The shape of the joint may be 
chosen so as to optimise the transfer between tooth and back iron whilst reducing the 
e£Rscts of rotational flux. 

Suitable joint shapes may include aufy shape wljere the base of a tooth is 
enlarged for receiving in a narrowing recess of the back iron. It is postulated that such 
arrangements would assist in reducing losses as flux flow between the fevouied 
magnetic directioii of a tooth and that of the back iron. In addifion, such arrangements 
can provide fbr an improved rigidily of the join between the back iron and the teeth. 
It is to be understood that arrangements where a protrusion from the back iron is 
received into a recess of a tooth is a possibility not to be excluded from the scope of 
the invention as defined herein, however, it is expected that such arrangements may 
have inferior joint strength. 

^tamples of suitable joint shapes, whether they be for a tooth base received in 
a recess in the back iron, or a protrusion of back iron for receipt in a recess in the 
tooHi, include, but are not strictly limited to the folbwing; stapes with rotmded or 
radhised edges including substantially circular, oval or ellipsoidal shapes; shapes which 
are substantially $yminetrical about an axis substantially in line with &e favoured 
magnetic direction of fte tooth, such as dovetails and fir tree joints. Again it is to be 
imderstood that any joint shape which permits the interlocking of tbs tooth and back 
iron may be used, furthermore two substantially planar surfaces of a tooth and back 
iron may also provide the interfiace for a join. Desirably, in the latter case, the joint is 
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further secured by adhesion, physical bonding or some form of welding. Interlocking 
shapes may, optionally be bonded, but equally may rely simply on their interlocking 
arraBSgement for security of the joint. Any suitable dMsmical or physical boudlng 
methods may be used to secure a joint, inchiding but not limited to welding processes 
such as TIG welding or laser welding. Alternatively, the sutfeces may be bonded by 
a chemical adhesive. 

Teeth and back iron blanlcs, which have been selected for optimum orientation, 
may be fotraed mto a composite blank. This may be subsequently stamped or laser cut 
etc into the final shape of the segment. A segment so manufactured is considered to 
comprise a segment in accordance with the present invention as claimed in the 
appended claims. 

Without liniitation, the cutting of steel to form such jouits may be achieved by 
conventional stamping, ponch or die cuning techniques or by the preparation of 
lanunatioQ stacks of segments by techniques such as wire spark cutting, laser cutting, 
6-beam or water jet cutting. 

Optionally, a coatmg (or partial coatuig) or small object such as a locking pin 
of an electrically insulating material, may be provided between the Joining surfaces of 
the back iron and the teetii. This may assist in tbe reduction of eddy currents in the 
legioo surrounding the joint. 

The inventors have found that by applying the principles of the mvention, 
overall reductions of power loss in a machine core of up to 69% may be achieved. The 
invention can be used to hnprove the peimeabilhy of a system, raismg tire available 
magnetic flux density and torque, enabling less copper to be used in the magnetistog 
windings and a lower weight of core metal ea5)loyed to procure good machine 
performance. There is, of course associated cost savmgs witii tiiese advantages. 
Reduction in the magnetic reluctance of the stator, and hence the madune, magnetic 
circuit gives the machine a superior elertromagnetic continuity (sometimes refened to 
as "electroms^netic stiffness") and lower leakage reactance. 
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Fipre 1 shows a statw as is known from the prior art. 

Figures 2a and 2b show views of a segment for a stator in accordance with the 
invention. 

Figure 3 shows an cmbodiinent of a stator according to the Invention. 

Figure 4 shows a testing apparatus as used to perform the examples and 
comparisons with prior art described below. 

As can be seen in. Figure 1, the stator consists of laminations which make up a 
back iron and teeth. The laminations are typically segmented and each segment is cut 
to form a back iron portion and tooth portion in a single piece. The back iron is 
relatively large. It will be appreciated that in this arrangement, the magnetic flux runs 
parallel to the length of a tooth prior to turning through 90° to run along the back iron. 

As can be seen from Figures 2a and 2b, the segment of the present invention is 
comprised of a number of pieces joined together. A first piece BI forms the back iron 
portion and a ptoralily of additional pieces T form the teeth. The teeth and back kon 
pieces are cut to have reciprocally shaped surfaces for joining together. In the Figure, 
the end of each tooth piece is shaped at its base to fan outwards mto a reciprocally 
shaped recess m the back iron. In this arrangement, rather than abruptly turning 
through 90 degrees, the magnetic flux of the system is gently bent by the curvamre of 
the fanned base and into alignment with the favoured magnetic direction of the back 
iron piece. 

As can be seen from Figure 3, a stator (shown in a perspective cross section) 
comprises a plurality of back iron (BI) portions and teeth (T) stacked to form 
laminations. In the adjoining surfaces of both the back iron portion (BI) and the teeth 
(D, are provided pahs of opposing notches (N). The notches are shaped to receive 
securing pms, P which, desirably are made &am insulating materials. This 
arrangement fsunlitates the use of considerably simpler shaped teeth and back kon 
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blanks. This arrangement also helps reduce eddy cuirents which may otherwise be 
greater in the joint area. 

Examples and nomnarisoiis with prior art 

The behaviour of various composite stators was evaluated using a purpose built 
laboratory tBStftamc as shown in Kgure 3, A standard loss tesfeig system, comprising 
induction (B) and magnetising field (H) sensing coils, was used for loss measurement. 
Various tooth and back iron stator shapes were precision cut by a spark-wire method. 
Figure 2 shows the shape and si2e of a test assembly of shaped laminations. Sample 
packs A and B are 'teeth' able to be precisely located into the 'back iron' sample packs 
C and D. Sample packs E and F are simply flux closure yokes. Excitation and induction 
sensing windings are located so as to enwrap the teeth. An air gap (g) was introduced 
between the tooth ends which was able to be varied, 

No waveform control or air flux compensation was employed since none would 
be used in a commercial machine. In all cases, the ade flux closure material employed 
was *with' direction grain oriented electrical steel. 

The mechanical stiffiiess of keyed in teeth was noted to be very good. It is 
ffeasible therefore that a commercial stator core could be constructed in this manner 
without the need for welding. 

Experiments carried out to note fiw effect of tooth to back iron lamination 
mismatch of facing edges due to differences in tooth and back iron steel thickness 
showed that any effects were minor, being outweighed by the main air gap reluctance- 

The perfbrmance of various composite stator arrangements will now be 
described by the foUowing examples. Examples 1-4 relate to composites of grain 
oriented (GO) electrical steel whilst examples 5- 9 relate to composites of grain 
oriented and non-oriented (NO) steels . Other terminology to note in flie tables is L for 
longitudinal (i.e. in parallel with rolling direction of steel), T for transverse (i.e. 
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Orthogonal to rolling dSrection of steel) and air gap (g). 
Example 1 

In this case, which is not according to the invention, the composite stator 
comprised grain oriBiited 'longitudinal (L)' teeth i.e. teeth cut in the rolling direction 
of the strip, and grain oriented 'transverse (T)' back iron i.e, field direction m the 
direction 90' to the rolling direction of the strip. This is the conventional way in which 
grain oriented steel would iw used in this stator application. 

Air gaps (g) between the teeth in the test system of 0, 0.35nun and 0.75inm 
were.evaluated. The results of magnetic measurements are given in Table 1 . An air gap 
of 0.75nmi was considered most realistic for the set up size and it can be seen that a 
nominal power loss of 75 arbitrary units was noted. 

Specific apparent power, also termed as VA vahies are indicated hi Table 2 
where it can be seen that for the conventional use of GO material, VA vahjes noted 
were 20. 1 arbitrary units for the 0.75 nun gap. 

Example 2 

In this case, according to the invention, the composite stator comprised 'L' 
grain oriented teeth and 'T' grain oriented back iron. Air gaps between the teeth in the 
test system of 0, 0.35mm and 0.75mm were evaluated. Tlie results of magnetic 
measurements are given in Tables 1,2. 

This aixangement resulted in a power loss of 52 units 0..6. 69% of the power 
loss of the conventional arrangement indicated in Exaniple 1), The VA values are 
largely ahr-gap driven for a given set up and high pexmeabilily teeth gives low VA 
values independent of the back u:on steel. In this case the VA vahies were reduced to 
19.7 arbitrary units compared to the 20.1 units of Example 1 . Clearly this arrangement 
is very beneficial to performance. 
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Table 1 Loss Data (arbitrary units for comparison) at B^^ = 1.8T, 50Bz 



♦CJonventional use of GO 



Table 2 VA Data (arbitrary units for comparison) at „ 1.8T, SOHz 
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* Conventional use of GO 



Itt tills case, ffijt according to the invention and also not tiie normal orientation 
for use of grain oriented material, the composite stator comprised grain oriented 'T' 
teeth and grain oriented 'L' back iron. Air gaps between the teeth in the test system of 
0, 0.35nuii and 0.75inm were evaluated. The results of magnetic measurements are 
given ia Tables 1,2. 



In this case the power loss of the core increased to 87 arbitrary units and the VA 
values increased to 46.7 arbitrary units. Clearly this is not an ideal configuration for 
composite stator fabrication. 
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In this case, in principle according to the invention but an extremely 
unfavourable way of applying the invention, the composite stator comprised grain 
oriented 'T' teeth and grain oriented 'T' back iron. Air gaps betvreen flie teeth in the 
test system of 0, 0,35mm and 0.75njm were evaluated. The results of magnetic 
measurenjfints are gpwen in Titble 1,2. In this case the loss of Gie core increased to 130 



The next series oi 
material in stator cores. 



s the efiSsct of composites of GO and NO 



In this case the composite stator comprised GO 'L' teeth and GO 'T' back iron. 
Air gaps between the model teeth in the test system of 0, 0.35mra and 0.75mm were 
evaluated. The results of magnetic measurements are given in Table 3,4. This is the 
conventional use of GO material. 

A loss value of 75 (arbitrary units) was noted and the VA value was 20.12 
(arbitrary units). This is the configuration agahist which the other configurations are 
compared. 

Table 3 Loss Data (arbitrary units for comparison) at B^, = 1.8T, 50 Hz 



* Conventional use of GO 
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Table 4 VA Data (arbifrary niUts for comparison) at B,^ - X.8T, SO Hz 



5* Example 6 Exampli: 
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* Cooveaitional use of GO 



Example 6 

In this case, according to the invention the composite stator comprised NO teeth 
and NO back iron (aU 'L'). Air gaps between tbe teeth in tlie test system of 0, 0.35mm 
and 0.75mm were evaluated. The results of magnetic measurements are given in Table 
3.4. . 

It can be seen that a loss vahie of 77 arbitrary was achieved (compared to 75 for 
example 5) and a VA value of 38.34 arbitrary units was noted compared to 20. 12 (fiM 
example 5). The loss values have tlierefbie remained similar to example 5 but the VA 
levels are higher. 

Pycample? 

In this case, according to the invention the composite stator comprised GO 
'L' teeth and GO 'L' back u^n. Air gaps between the teeth in the test system of 0, 
0.35mm and 0.75iiwn were evaluated. The results of magnetic measurements arc 
given m Table 3,4. 
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It can be seen that a loss value of 52 arbitrary units was achieved, liie lowest 
noted in the composites evaluated, and fliat VA values were 19.72 arbitrary units. 

Example 8 

In this case, according to the invention, the composite stator comprised GO 
with teeth and NO with back iron. Air gaps between the teeth in the test system of 
0, 0.35nHn and 0.75inm were evaluated. The results of magnetic measraemeots are 
given m Table 3,4. 

It can be seen that a loss value of 58 arbitraiy units was achieved, and that 
VA values were 17.71 arbitrary units, the lowest noted for the various composites 
evaluated 

JBxample 9 

In this case, in principle according to invention, but very unfevourable use, 
the composite stator comprised NO 'T' teeth and NO 'L' back iron. Air gaps 
between the model teetb in the test system of 0, 0.35nun and 0.75mm were 
evaluated. The results of magnetic measurements are given in Table 3,4 

It can be seen that a loss value of 93 arbitrary was noted and a VA value of 
42,6 arbitrary units was noted, fliis configuration giving a very poor performance. 
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CLAIMS: 

1. A segment for a stator comprising a back iron portion and one or more teeth 
characterised in that the teeth are cut separately from the back iron portion and 
ate joined with the back iron portion and the teeth and back iron have different 
magnetic pioperSes and/or magnetic orientation with regard favoured magnetic 
direction with respect to each other. 

2. A segment for a stator as claimed in claim 1 characterised in that the shape of 
the join between a tootli and the back iron portion is selected to provide reduced 
disruption or loss of magnetic fhix flowing between the teeth and the back kon 
portion. 

3. A segment for a stator as claimed m claim 1 or claim 2 characterised in that the 
teeth and back too. comprise steels of respectively different grades of electrical 
steels. 

4. A segment as claimed in any preceding claim wherein the back iron portion is 
stamped, punched or cut from a strip using a method such as laser, wu» 
erosion, water jet or electron beam cutdng. 

5 . A segment as claimed in any preceding claim characterised in that the back iron 
portion and the teefli are both made from grain orienfed electrical steels. 

6. A segment as claimed in claim 5 wherein the grain is orientated substantially 
longitudinal fer the teeth and the back iron portion. 

7. A segment as claimed in any of claims 1 to 4 wherein the teeth comprise a grain 
oriented electrical steel, the grain orientation being substantially longitu<UnaI 
in the teetb. 



wo 02/49190 



PCT/GBOl/05517 



13 

8. A segment as claimed in claim 7 wherein the back iron portion comprises a 
non-oriented electrical grade steel. 

9. A segmentas claimed in any of daims 1 to 4 wheirein the back iron portion and 
ttie teeth each comprises non-oriented electrical grade steels. 

10. AsegniBintascIainiedincIaim9flfereineiJfaerorbothofthebackironpo 
and tbe teetli coitiprise longitadinal non-oriented grade steels. 

11. A segment as claimed in any preceding daim wlierein the teeth are jobed to the 
back iron portion by fitting of protnisions into notches or recesses in tlie back 
iron portion or by fitting of protrusions on the back iron pardon into recesses 
of theteetli. 

12. A segment as claimed in claim in any preceding claim wherein the joints are 
welded by a method such as laser welding or TIG weldmg. 

13. A segment as claimed in any preceding claim wherein tlie segmeat is at least 
partially coated with an electrical steel insulation in order to inoprove the 
surfece insulation resistance of the segment. 

14. A segment as claimed in any preceding claim wlierein the sortaces to be joined 
are ground prior to joining to remove any burrs or protrucMng material. 

15. A segment as claimed in any preceding claim wherdn the sh^ of the joint 
between flie back iron and teeth is oonfiguied such that tiw teetb are securdy 
locked in the radial and tangential direction of the stafor core. 

16. A segment as claimed in any preceding daim wherdn a thin electrical msulation 
layer is provided between the back iron and the teeth whereby to avoid or 
nunimise eddy currents in the region of the joint. 
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17. A segniBBt m claimed in claim 16 wherein the insulation layer is a coating 
applied to the surface of the back iron portion whidi forms the join with the 
teeth. 

18. A stator con^rising a plurality of segments as claimed in any preceding claim. 

19. A stator as claimed hi claim 18 wherein multiples of segments are stacked to 
form 3 laminated stator. 

20. A stator as claimed in claim 19 wherein the back iron portions are lammated 
separately to the teeth, and optionally in an overlappmg configuration. 

21 . A stafDT as claimed m claim 20 wherein the teeth segments are joined with the 
back iron segments after lamination. 

22. A stator as clahned hi any of claims 18 to 21 wherein the back iron portion 
comprises a single, complete rhig cut &om a smgje piece of material. 

23 . A stator as claimed in daim 22 wherein outer diameter of the stator is larger 
than 1300 mm. 

24. A method for fabricating a stator as claimed in any of claims 18 to 23 
coanpriang laminating a phiraiity of the segments to form a ring coiwpriang an 
outer diameter consisting of bade iron portions and a plurality of teeth 
projectmg inwardly radially of the back iron portion. 

25. ■ A method as claimed in cldm 24, where the teeth are mdividually fitted uato a 

stoked asembly of back iron portion laminations, 

26. A method as claimed in clahns 24 or 25 wherein a pre-laminated stack of teeth 
are fitted into a stacked assembly of back iron portion laminations. 
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27 . A method as claimed in any of claims 24 to 26 , wherein the height of the stack 
of teeth is substantially the same as the hei^t of the stack of back iron 
latnin^oiis. 

28. , A method as claimed in any of claims 24 to 27 where the laminated segments 
are secured together by means of interlocks between the laminations. 

29. A method as claimed in any of claims 24 to 28 wherein the stack of teeth 
■ laminations is made secure by means of adhesive bonding. 

30. A method as claimed in claim 24-29, wherein the teeth and back iron portion 
are secured together by means of a locking device, such as a pin, made of an 
electrically insulating material, the locking device being inserted in the joint 
between the teeth and back iron so that it locks the laminations in place. 

31. A method as claimed In any of claims 24 to 30 in which materials selected for 
optnoum tooth and back iron orientation are fbimed into a composite blank and 
composite segments are cut, stamped pressed or otherwise provided from the 

, composite blank. 
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